Mississippi State University

Scholars Junction
Theses and Dissertations

Theses and Dissertations

5-13-2022

Nutrients associated with stunting among children in sub-Saharan
Africa: A systematic review
Abby Mae Reynolds
Mississippi State University, amr503@msstate.edu

Follow this and additional works at: https://scholarsjunction.msstate.edu/td
Part of the Human and Clinical Nutrition Commons

Recommended Citation
Reynolds, Abby Mae, "Nutrients associated with stunting among children in sub-Saharan Africa: A
systematic review" (2022). Theses and Dissertations. 5524.
https://scholarsjunction.msstate.edu/td/5524

This Graduate Thesis - Open Access is brought to you for free and open access by the Theses and Dissertations at
Scholars Junction. It has been accepted for inclusion in Theses and Dissertations by an authorized administrator of
Scholars Junction. For more information, please contact scholcomm@msstate.libanswers.com.

Template B v4.3 (beta): Created by T. Robinson 01/2021

Nutrients associated with stunting among children in sub-Saharan Africa: A systematic review
By
TITLE PAGE
Abby Mae Reynolds

Approved by:
Terezie Tolar-Peterson (Major Professor)
Leah Pylate
Rahel Mathews
Wen-Hsing Cheng (Graduate Coordinator)
Scott T. Willard (Dean, College of Agriculture and Life Sciences)

A Thesis
Submitted to the Faculty of
Mississippi State University
in Partial Fulfillment of the Requirements
for the Degree of Master of Science
in Nutrition
in the Department of Food Science, Nutrition, and Health Promotion
Mississippi State, Mississippi
May 2022

Copyright by
COPYRIGHT PAGE
Abby Mae Reynolds
2022

Name: Abby Mae Reynolds
Date of Degree: May 13, 2022

ABSTRACT

Institution: Mississippi State University
Major Field: Nutrition
Major Professor: Terezie Tolar-Peterson
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systematic review
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The purpose of this study was to identify specific nutrients or nutritional biomarkers of
dietary intake that are associated with stunting among children ages 2 and older in sub-Saharan
Africa. This is a systematic review conducted in accordance with the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses guidelines. Twelve studies from sub-Saharan Africa
met the eligibility criteria, including 11 observational studies and one randomized control trial.
Nine of the 12 studies assessed dietary intake of macronutrients. Four studies found a significant
association between proteins and stunting. Four found that children with stunting had lower
dietary fat intakes or lower blood or serum levels of certain fatty acids. Five assessed dietary
intake of micronutrients or looked at serum levels micronutrients. Children with stunting had
lower intakes or biomarkers for, calcium, phosphorous, vitamin D, vitamin B12, and choline.
Children with stunting tend to consume diets lower in nutrients of high-quality protein foods like
essential amino acids, essential fatty acids, and micronutrients such as calcium, phosphorous,
vitamin D, vitamin B12, and choline.
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CHAPTER I
INTRODUCTION
Stunting
Childhood stunting is a global issue that affects 25% of children under the age of five
years (Varkey et al., 2020) and is defined by a height for age Z-score (HAZ) of greater than or
equal to two standard deviations below the median (Vaivada et al., 2020). This definition simply
means that these children are significantly shorter than their peers of the same age. Even though
stunting has been decreasing in recent decades, the goals set in place by the World Health
Organization (WHO) to reduce the number of children stunted by 40% by 2025 will not occur.
Unfortunately, the effort will not be able to meet the goal of reducing the number of stunted
children from 127 million to 100 million by 2025 (United Nations children’s Fund, World Health
Organization, World Bank Group, 2021). Stunting is also an indicator of the inadequacy of the
overall environment for the child (Sudfeld et al., 2015). The prevalence and severity of stunting
in a community is commonly used as a useful assessment of the general health of the population
(Leroy & Frongillo, 2019).
Stunting is considered a cyclic syndrome meaning multiple pathological changes are
measured by the linear growth of a child and can increase the child’s risk for morbidity and
mortality affecting not only the singular child but also the community as a whole (Prendergast &
Humphrey, 2014). The cyclic aspect of this definition is the cyclic process of children who were
stunted are more likely to produces stunted offspring (Prendergast & Humphrey, 2014).
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Although the pathogenesis of stunting in early childhood is still not completely understood,
(Semba, Zhang, et al., 2016) poor diet quality, specifically a diet low in protein and
micronutrients, is thought to be a major contributor to stunting (Varkey et al., 2020). Children
need the correct amount protein in their diet. The protein that they consume needs to contain
each of the essential amino acids that are required for child growth (Hoffer, 2016; Uauy et al.,
2015). Micronutrient deficiencies often contribute to infectious diseases that are commonly
diagnosed in conjunction with stunting (Victoria et al., 2010). Zinc and choline are two
micronutrient deficiencies associated with stunting. Both are utilized in the body and are
essential for cellular growth and development (Bhutta et al., 2013; Zeisel & da Costa, 2009). It
has also been hypothesized that environmental enteropathy (chronic intestinal inflammation)
may contribute to stunting (Keusch et al., 2013), and zinc deficiency may cause this condition
(Lindenmayer et al., 2014).
High rates of malnutrition associated with stunting are still prevalent on the global stage
and this condition has been strongly linked to poverty (Vaivada et al., 2020). The countries that
have been found to have the highest prevalence of stunting are South and Southeast Asia and
sub-Sahara Africa (Vaivada et al., 2020). Since 1990, stunting has decreased globally by a rate of
2.1% annually with the highest declines seen in Latin America and Asia. Africa is the only
region that has had an increase in the number of stunted children—increasing from 49.7 million
to 57.5 million between 2000 and 2019 (United Nations Children’s Fund, World Health
Organization, World Bank Group, 202; Bhutta et al. 2013). Globally, 40% of the stunted children
are in Africa, with sub-Saharan Africa having the highest burden of stunted children, 27% of
children stunted in Western Africa, 31.5% stunted in Middle Africa, 34.5% of children stunted in
Eastern Africa, and 29.0% in Southern Africa, while Northern Africa only has 17.6% of children
2

stunted comparatively (United Nations Children’s Fund, World Health Organization, World
Bank Group, 2021).
How does stunting affect the child short-term?
The prevalence of stunting in an area is a significant indication of the short- and longterm outcomes for the overall health of the population (Vaivada et al., 2020), such as Delayed
child development, reduced physical strength and work capacity, increased risk of adult
noncommunicable diseases and mortality, increase risk of encephalopathy disproportion,
increased risk for low birth weight in the next generation (Leroy & Frongillo, 2019).
Stunting is associated with increased infections and diseases, decreased cognitive and
behavioral performance, decreased school performance, higher rates of morbidity and mortality
as well as suboptimal motor and cognitive development (Goudet et al., 2019; Vaivada et al.,
2020). Stunting causes irreversible early life cognitive impairment leading to decreased school
performance and a lower work capacity in adulthood with increased chances of obesity leading
to chronic diseases such as CVD, diabetes, cancer, and mental health diseases (Smith & Haddad,
2014).
How does stunting affect the child long-term?
Stunting’s long-term effects follow a child throughout their adulthood. Stunting does not
only affect the child but also their future children, and the community as a whole. Women who
are stunted in childhood produce children who are more likely to be stunted in the first 1000 days
of life (United Nations Standing Commitee on Nutrition, 2010). Stunting in childhood is one of
the primary factors contributing to the continued cycle of poverty into future generations. For
every 1% of height lost from childhood, stunting results in a 1.4% loss in economic productivity
3

(Development Initiatives, 2017). An estimated 20% decrease in adulthood income earnings from
children who were stunted compared to non-stunted children (Shekar et al., 2006). It is also
important to note that children who are stunted can suffer permanent health consequences
throughout their life. Other long-term effects of stunting on both individuals and societies in
which they reside include: diminished cognitive and physical development, reduced productive
capacity and poor health, and an increased risk of degenerative diseases and chronic illnesses
(United Nations Children's Fund, World Health Organization, World Bank Group, 2021).
This systematic review was conducted as the first part of a larger project funded by the
United States Department of Agriculture Foreign Agricultural Service. The overarching goal of
this project as a whole was to conduct research in support of learning for the USDA’s McGovern
Dole Food for Education program. The first stage of this work was to collect background
information on nutrients associated with stunting through a systematic review. The second part
of the project then to assess what nutrients were provided to children by school lunches given to
children in Senegal and Tanzania. The third and final part of this project was to synthesize the
information found in parts one and two of the project and compare the findings of the systematic
review for nutrients that are associated with stunting to the meals provided to children in two
sub-Saharan African countries.
This first stage of work in the form of a systematic review synthesize information to
identify specific nutrients or nutritional biomarkers of dietary intake that may differ between
children with or without stunting in sub-Saharan Africa between the ages of 2-6 years. Focusing
on populations of children with a median age that falls between 2-6 years is important due to the
lack of knowledge on children greater than 1000 days of life.

4

CHAPTER II
REVIEW OF LITERATURE
Stunting has been established as a risk marker in the inadequate development of children.
Stunting is easily identifiable and quantifiable and is a quality indicator of childhood
malnutrition (Vaivada et al., 2020). Stunting is also an indication of both past nutritional
deprivations and a production of future poverty. It is considered one of the most serious
detriments in human development globally affecting 162 million children under the age of 5. The
World Health Organization defines stunting as two standard deviations for height for weight
(United Nations children’s Fund, World Health Organization, World Bank Group, 2021).
Stunting affects children and communities in the short term as well as the long term. Stunting
before the age of five can cause physical and cognitive delays. Long-term effects such as
economic and educational deficits are seen in adults who were stunted as children (United
Nations children’s Fund, World Health Organization, World Bank Group, 2021).
Stunting has been found to be associated with the nutrition of the child and the
population. Nutritional factors that are associated with stunting both directly and indirectly are:
anemia in women of reproductive age, low birth weight, overweight children, and wasting
(United Nations Children’s Fund, World Health Organization, World Bank Group, 2021).
Children who are stunted are more likely to experience higher rates of mortality, morbidity, and
decreased cognitive and motor development (Vaivada et al., 2020). There is an estimated 17% of
mortality in children is associated with stunting (Black et al., 2013).
5

Stunting has been declining globally, and each area significantly affected by stunting has
shown decreases in their stunting rates. From 2000 to 2019, stunting numbers in Asia dropped
from 136.6 million to 78.2 million children. Latin American countries saw a reduction from 9.5
million to 4.7 million stunted children. Africa, specifically sub-Saharan Africa, is the only
continent in which stunting has increased since 1990, increasing from 49.7 million to 57.5
million children (UNICEF, 2019). This literature review intends to review literature in the past
decade that reviews nutrients associated with childhood stunting.
Protein
Protein can be derived from both plant and animal sources, commonly from pulses,
legumes, and meats (Schönfeldt & Gibson Hall, 2012). Animal-based products typically have the
highest quality of protein, providing all the essential amino acids (Schönfeldt & Gibson Hall,
2012). However, that is not to say that plant sources cannot provide the needed amino acids and
the needed amount of protein a child needs. Correctly combining two plant sources of proteins
such as rice and lentils can provide each of the essential acids needed (Food and Agriculture
Organization of the United Nations, 2013). In communities throughout the globe, with the
exception of Western countries, a lack of dietary diversity, limited quality, and quantity of foods
including high-quality protein can lead to childhood stunting.
The pathogenesis of stunting and linear growth is still not well understood. Due to this
lack of understanding, effective interventions are still not well established (Penderghast, 2014).
In regards to protein, one hypothesis is that higher intakes of protein increase the concentration
of amino acids in the body. Essential amino acids are the amino acids that can only be acquired
through the diet (Food and Agriculture Organization of the United Nations, 2013) and these
essential amino acids play an important role in the assembly of proteins (Millward, 2017). These
6

nine essential amino acids include: histidine, isoleucine, leucine, lysine, methionine,
phenylalanine, threonine, tryptophan and valine. Three amino acids are commonly referred to as
the branched chain amino acids (BCAAs): leucine, isoleucine, and valine. These BCAAs
increase insulin and the IGF-I secretion which are growth stimulators though the rapamycin
pathway (Lindenmayer et al., 2014). Laplante and Sabatini et al. state that human growth is
controlled by the rapamycin complex C1, and when children are deficient of amino acids in the
diet, cellular growth and thus the growth of the child is repressed (Laplante & Sabatini, 2012).
Bone growth is also regulated by the mTORC1. Leucine is the most predominant essential amino
acid in bone growth (Kim et al., 2019). Protein sources rich in protein include cow’s milk, and
these products could play a central role of protein intake in children (Herber et al., 2020).
In the literature, when looking at protein intake and stunting in children, blood plasma
levels or metabolic phenotypes of amino acids are compared between stunted children and nonstunted children. Semba et al. reported non-stunted children had higher levels of essential amino
acids compared to their stunted counterparts (Semba, Shardell, et al., 2016). In lower middleincome countries, children's diets mainly consist of grains such as rice, maize, millet, and wheat,
legumes and pulses, as well as roots and tubers. High-quality protein foods such as meat, fish,
poultry, dairy, and eggs are less common in the diet. In this type of diet, there is more likely to be
a limited consumption of essential amino acids, which can contribute to a lack of quality growth
for the child (Food and Agriculture Organization of the United Nations, 2013).
A systematic review conducted by Parikh et al., (2021) primarily focused on protein and
its effect on linear growth and cognition in a population of healthy children ages 0-59 months
from LMICs. Parikh and associates assessed dietary protein adequacy based on essential amino
acid content in the diet and bioavailability of included essential amino acids. Their review found
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that the majority of children ate a plant-based diet, and less than one in five children ages 6-23
months ate animal-sourced foods. The children who mainly consumed food with inadequate
protein had greater incidences of stunting in regions where the typical plant-based food
combinations did not meet the requirements to contain each of the essential amino acids. For
example, in East and West Africa, the combination of 80% cassava and 20% common bean, or
the combination of 80% maize and 20% cowpea do not contain enough essential amino acids.
However, in South Asia, a diet of 80% rice and 20% lentils will meet the amino acid
requirements for a healthy child. Among the children who consumed animal-source protein, it
was found that dairy promoted linear growth (Parikh et al., 2021).
Parikh et al. (2021) also reviewed key drivers for mTORC1. The mammalian (or
mechanistic) target of rapamycin (mTOR) is the master growth regulator combining inputs from
nutrients, stress, energy, and other growth factors. There are two complexes: mTORC1 and
mTORC2. mTORC1 is the focus as it is dependent on nutrients alone, specifically essential
amino acids. Without sufficient amino acids, lipid and protein synthesis does not occur and
catabolic processes such as autophagy occur. When there are sufficient amino acids, protein,
lipid, and nucleotide synthesis can occur while deregulating autophagy. This mTORC1 plays an
important role in the processes related to growth during the fundamental and rapid growth
periods of childhood. Processes such as chondral plate and bone growth, skeletal muscle growth,
small intestine homeostasis, myelination of the nervous system, iron metabolism and
hemopoiesis, immune function, and organ size all depend on the mTORC1 being activated
(Parikh et al., 2021). Parikh et al. (2021) were not the only researchers in recent literature to
review the effects of mTORC1 and its association with stunting in children. Semba et al. (2016)
also researched this mechanism, and found that the consumption of animal-sourced proteins is
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associated with lower risk of stunting (Semba, Trehan, et al., 2016). Parikh et al. (2021) also
looked at other nutrients found in animal-sourced foods. Studies in Malawi and Bangladesh
found a significant association with stunting between phosphatidylcholines which are critical for
cell membranes and linear growth of bones (Moreu et al., 2019; Semba, Zhang, et al., 2016).
Fat
Fat also plays a role in the linear growth of a child. However, there is limited research
examining the role of dietary fat in stunting among children. The findings for this literature
review are limited to research that does not isolate essential fatty acids, and that are not in the
targeted age range for this systematic review. However, this information is important and
essential fatty acids should not be overlooked when addressing nutrition for a child. Essential
fatty acids have numerous roles in physiological growth and development in humans. Essential
fatty acids cannot be produced in the body and must be consumed. The main essential fatty acids
include Linoleic Acid, Alpha-linolenic acid, Omega 3, Omega 6, eicosatetraenoic acid (EPA),
and docosahexaenoic acid (DHA) (Guillou et al., 2010). Fatty acids are important for the growth
and development of children because they play important roles in energy utilization, brain
myelination and hormone synthesis, and signaling molecules (Adu-Afarwuah et al., 2016).
Iannotti et al. (2014) tested the effect of consuming a lipid based nutrient supplement for
either three or six months in 589 healthy infants 6-11 months of age in urban Haiti. The lipidbased supplement provided 108 kcal, protein, fat, and 19 vitamins and minerals including 30 g of
fat, 11 g of protein, 4.6 g of linoleic acid, and 0.5 g of alpha linoleic acid. Children who
consumed all of the monthly supplements for six months improved linear growth. In the 3-month
intervention, there was a decrease in linear growth with length-for-age measurements, but this
was likely due to the low retention rates in this group. The lipid-based supplement alone could
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not promote linear growth; however, this study suggests a lipid-based supplement with
complementary interventions such as the promotion of breastfeeding could be beneficial
(Iannotti et al., 2014). However, Tam et al. (2020) found a lipid-based supplement to have
significant effects on the reduction of stunting, which also led to significant length-for-age
increases.
Micronutrients
Micronutrients such as zinc, iron, choline, calcium, and vitamin A play a vital role in the
diet and are an essential component for normal cellular and molecular function. Micronutrient
deficiencies are a serious concern in LMICs due to an inadequate consumption of food, lack of
dietary diversity, and poor nutrient absorption due to a heightened occurrence of chronic
inflammation, infection, and/or illnesses. It is also critical to note the importance of
micronutrients as micronutrient deficiencies are associated with physical impairment in children
(Tam et al., 2020).
Tam et al. (2020) states that zinc is associated with physical development impairment in
children. Zinc has been linked to impaired growth and depressed immune function, resulting in
stunting, wasting, and the increased severity of infections (Tam et al., 2020). It is estimated that
micronutrient deficiencies, stunting, and wasting cause approximately 45% of deaths in all
children or 3.1 million deaths annually (Black et al., 2013). The highest prevalence of
micronutrient deficiency is of zinc, which is especially found in sub-Saharan Africa, Latin
America, as well as both south and southeast Asia (Stammers, et al., 2014). Young children are
particularly vulnerable to zinc deficiency due to their period of rapid growth, which causes an
increased need for zinc in the body (Stammers, et al., 2014). Among the seven studies that
Stammers reviewed, Stammers found that there was no significant evidence that zinc
10

supplementation reduced stunting. The 1316 children in the study were between the ages of 1
and 8. There were limitations that could have contributed to this lack of significance such as the
lack of large well-designed studies, no studies administering zinc during fasting conditions, and a
lack of nutritional status taken at baseline. Stammers concluded that because these children were
stunted that multiple nutrient deficiencies likely existed and that the supplementation of zinc
alone was not a significant enough alteration to the diet to reduce stunting and improve growth
(Stammers, et. al., 2014). Tam et al. (2020) also suggested in their review that zinc
supplementation alone had no significant effect on the risk of stunting. The only significance was
found in the reduction of zinc deficiency and diarrhea (Tam et al., 2020).
Multiple micronutrient supplementation was suggested to have significance with
increased height and increased length-for-age. Tam et al. (2020) also found a significance in an
increase in serum zinc concentration. Tam also found a lack of evidence in the reduction of
stunting with micronutrient powders.
Choline is an organic, water-soluble essential nutrient that is neither a vitamin nor
mineral but is often discussed alongside B vitamins due to its similarities. It is found in a variety
of foods with the highest sources coming from eggs and meats (Zeisel & da Costa, 2009).
Choline is another micronutrient that is important for the growth of bone and cell membrane
formation, among other functions in the body (Semba, Zhang, et al., 2016). Choline has also
been reported to be low in children who are stunted. Two studies conducted in Malawi and
Brazil found that children who had limited animal-sourced foods in their diet also had low serum
levels of choline and were stunted (Parikh et al., 2021). Semba, Zhang et al. (2016) looked at the
serum choline levels of 325 children and found that serum choline concentrations were
significantly lower in children who were stunted compared to children who were not stunted.
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These findings suggest that the availability of choline could be a limiting factor to the healthy
growth and development of a child as measured by their linear growth (Semba, Zhang, et al.,
2016).
In the previously mentioned literature review by Parikh et al. (2021), they also concluded
that animal-sourced foods also provided nutrients other than amino acids, specifically,
micronutrients. These include calcium, zinc, iodine, iron, magnesium, vitamin A, and B-vitamins
(Parikh et al., 2021). These micronutrients are essential for the healthy growth and development
of children across the globe but are typically low in children who are stunted.
Iron deficiency is another micronutrient that is commonly found as a deficiency in
LMICs. Iron deficiency anemia is of concern in children because it plays an important role in the
growth and development of children. Iron deficiency anemia can negatively impact brain
development, as well as both cognitive and physical formation, as well as decrease appetite,
increase metabolic rate, and increase morbidity. Studies specifically associating iron and linear
growth have been inconclusive. A study conducted in Egypt examined linear growth and iron
supplementation, and found that oral iron supplementation did benefit the physical growth of 40
non-anemic preschoolers averaging 2 years of age (Ibrahim et al., 2017).
Vitamin A is an important micronutrient that is essential for normal growth of children as
well as maintenance of mucus membranes, immunity, and vision. Vitamin A deficiency is
common in LMICs in which low dietary diversity contributing to less fruits, vegetables, and
animal-sourced protein is common. In a study in India on 23,008 children ages 12 to 59 months
the aim was to see the proportion of children who received a vitamin A supplement in the last 6
months. The study found that 57.7% of children who did not receive vitamin A supplementation
were stunted and 32.2% of children were severely stunted. Those children who received vitamin
12

A supplementation were 50.4% stunted and 24.6% stunted. These were considered significant
findings (Semba et al., 2010).
Calcium is a nutrient that is essential for growth and development, specifically bone
growth and the development of the skeleton. The daily recommended intake for calcium in
children is 1000 mg per day for children 4 to 8 years of age and 800 mg in children 1 to 3 years
of age. This mineral is commonly found in dairy sources such as milk and cheese but can also be
found in plant sources such as beans. Low calcium intake during growth may contribute to suboptimal levels of linear growth and bone mineralization (Institute of Medicine (US) Committee
to Review Dietary Reference Intakes for Vitamin D and Calcium, 2011). In a study conducted in
China, a total of 12,153 children aged 2 to 4 years were surveyed on their milk consumption and
their average height-for-weight z-scores were recorded. They found that 3.2% of children who
consumed dairy once a day were stunted, 4.1% of children who consumed dairy once per week
were stunted, and 9.6% of children who did not consume dairy were stunted. Dairy intake was
found to be significantly associated with a reduced risk of stunting and higher height-for-age zscores in this study (Duan et al., 2020).
Other contributing factors
The literature also focuses on not only nutrients associated with stunting, but also the
other determinants of stunting. It’s important to remember that stunting is not only caused by the
nutritional status of the child nor singularly associated with inadequate nutrition. Vaivada et al.
(2020) conducted a review of the global overview of child stunting determinants. This review
combined the UNICEF Undernutrition Conceptual Framework and the 2013 Lancet Maternal
and Child Nutrition Series Framework. Thus, creating a framework overview consisting of four
main levels: the Basic (distal) causes, the Intermediate I causes, Intermediate II causes
13

(underlying causes), and the Immediate (proximal) causes. Three of the four levels in this
framework included nutrition. At the Intermediate I level, nutrition sensitive and nutrition
specific programs such as national nutrition policies are included. At the Intermediate II level
(underlying causes) inadequate feeding practices and food insecurity are included. Finally,
among the immediate causes of stunting, there are two nutrition specific causes: inadequate
dietary intake and mineral/vitamin Deficiencies (Vaivada et al., 2020).
Dietary diversity is the number of different food groups consumed in a specified time
frame and a high dietary diversity score is an essential component of a high-quality diet. Diets
common in many low- and lower-middle-income countries typically have limited dietary
diversity. Typically, diets low in dietary diversity are high in starches and low in fresh fruits and
vegetables, and animal protein. This lack of diversity can lead children to have micronutrient
deficiencies which can affect their overall growth and development (Arimond & Ruel, 2004).
In a study conducted in Burkina Faso, a 7-day dietary diversity survey was conducted,
which included 11 food groups and compared the children’s height-for-age, based on the WHO
standards for stunting. The researchers found that of the 251 children aged 6-59 months who
were enrolled in the study, 20.6% of children were stunted. In this particular study, a higher
dietary diversity was associated with higher average height for weight z scores and in children
less than 36 months a higher dietary diversity was associated with reduced stunting (Sié et al.,
2018).
Overall, there is literature supporting many nutrients associated with stunting in children
in Lower-middle income countries such as essential amino acids, essential fatty acids, and
micronutrients such as calcium, zinc, iodine, iron, magnesium, vitamin A, and B-vitamins. These
are commonly found in high-quality protein food, which tends to be limited in low-middle
14

income countries around the globe. Literature suggests that including more high-quality protein
foods in children's diets can help promote healthy growth in the development of children.
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CHAPTER III
METHODOLOGY
The purpose of this study is to assess the nutrients associated with stunting in children
ages 2-6 in sub-Sahara Africa. This review was conducted in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (Page et al.,
2020; Appendix A). According to PRISMA, the following should be included: eligibility
criteria, information sources, search strategy, selection process, data collection process, data
items, study risk of bias assessment, effect measures, synthesis methods, reporting bias
assessment, and certainty assessment. The following discusses this checklist.
Study Selection and eligibility criteria
Studies that were eligible for this systematic review needed to have met the inclusion and
exclusion criteria of the authors. Inclusion criteria for this systematic review includes studies that
examine food fortification, supplementation, biomarkers of nutrient intake, or studies that
observationally examined dietary patterns. Additionally, studies must research or observe a
population with a median age of 2-6 years in order to be included in this review. This age range
was selected due to the under representation of this age group in the literature, and because this
was the target age range of the grant funding this systematic review due to its focus on preschool
and elementary aged children. Exclusion criteria for this systematic review included studies that
focused exclusively on children under the age of 2, pregnant mothers, or fetuses in utero. Both
16

observational and intervention studies were considered for inclusion; however, review articles
and country case studies were excluded as they did not present original research.
This systematic review includes studies in which the titles and abstracts of retrieved
records were screened and evaluated for eligibility. Each study was required to be originally
published English language to eliminate the possibility of errors in translation. Each study was
required to address intake of specific nutrients and/or measure nutrient biomarkers and include
data on stunting in order to be included in the review. The studies were also required to utilize
the WHO standards for determining stunting in children.
Search
Studies were eligible if they were published within a 10-year period from January 2011 to
August 2021 that had data available on nutrients or nutrient biomarkers associated with stunting
among children in sub-Saharan Africa. PubMed and Scopus, two electronic databases, were
searched in August 2021 for peer-reviewed original research using title/abstract search terms.
The keywords were: “child AND stunting AND (nutrients OR micronutrients OR
macronutrients OR nutrition OR diet OR dietary) AND (Africa OR Angola OR Benin OR
Botswana OR "Burkina Faso" OR Burundi OR "Cabo Verde" OR Cameroon OR "Central
African Republic" OR Chad OR Comoros OR Congo OR "Cote d'Ivoire" OR "Ivory Coast" OR
"Equatorial Guinea" OR Eritrea OR Eswatini OR Swaziland OR Ethiopia OR Gabon OR
Gambia OR Ghana OR Guinea OR "Guinea-Bissau" OR Kenya OR Lesotho OR Liberia OR
Madagascar OR Malawi OR Mali OR Mauritania OR Mauritius OR Mozambique OR Namibia
OR Niger OR Nigeria OR Rwanda OR "Sao Tome" OR Senegal OR Seychelles OR "Sierra
Leone" OR Somalia OR "South Africa" OR Sudan OR Swaziland OR Tanzania OR Togo OR
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Uganda OR Zambia OR Zimbabwe.” No filters or limits were used in the search only the key
words listed.
From this search criteria full texts of articles were retrieved, and three independent
reviewers screened articles to confirm eligibility for the systematic review. Each article that met
perceived eligibility was further independently evaluated by each author. The authors utilized
Rayyan to organize prospective studies and each determine eligibility of studies. The final
consensus was reached by a discussion in a group setting.
Data abstraction and quality assessment
To best collect the data in the studies a data abstraction table was created, which
contained the following categories: author and year, location, time of data collection, study
design, sample size and study population, nutrient or nutritional biomarker, association with
stunting (yes/no), and a summary of key findings. Three independent reviewers assessed the
quality of the selected articles for methodologic quality, extracted the outcomes of interest,
summarized the evidence and then using the Academy of Nutrition and Dietetics risk of bias tool
called the Quality Criteria Checklist assessed each article. This risk of bias tool includes four
questions on relevance and 10 questions on validity in order to assess the scientific quality of the
studies. The items assessed by the Quality Criteria Checklist include the research questions,
subject selection, comparability of groups, withdrawals, blinding, intervention/exposure,
outcomes, analysis, conclusion support, and the likelihood of bias. Each Item was classified as
“yes”, “no”, or “unclear.” Giving the grade of positive (+) if four or more items were answered
“yes”, negative (-) if six or more questions were answered “no”, or neutral (Ø) if any of the first
4 questions were answered no, but the remaining were “yes”. Any disagreements on the quality
of the articles were brought forth and discussed until a resolution was met.
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The effect measured in this systematic review was if the nutrient or nutritional biomarker
was associated with stunting. Studies needed to the WHO standards for stunting utilizing the
height for age z-score of -2 SD. The studies were categorized based on the nutrient or biomarker
being assessed, as well as if the nutrient was measured by serum level or dietary intake of the
nutrient was assessed. Some of the studies contained multiple components. These were organized
based on the main component of the study that the authors emphasized. A meta-analysis could
not be conducted due to the heterogeneity of interventions, settings, study designs, and outcome
measures. A data abstraction table was utilized to provide a tabular structure to best display
results of the individual studies. The studies were also graded using the Academy’s Grade for
Strength of Evidence in order to assess certainty which includes five levels of grading: I
(good/strong), II (fair), III (limited/weak), IV (expert opinion only), and V (not assignable). A
grade of III was required to be included in this review. Any disagreements on the certainty
assessment of the articles were brought forth and discussed until a resolution was met.
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CHAPTER IV
RESULTS
This chapter presents a completed systematic review article focusing on literature in the
past decade researching the nutrients or nutritional biomarkers associated with stunting in
children ages 2-6 years in sub-Saharan Africa. This systematic review article is titled, “Nutrients
Associated with Stunting Among Children in Sub-Saharan Africa: A Systematic Review.”
Nutrients Associated with Stunting Among Children in Sub-Saharan Africa: A Systematic
Review
Abstract
Background: As a result of long-term undernutrition, children with stunting, or linear growth
failure, face significant consequences to their neurocognitive development and future wellbeing.
Objective: The purpose of this study was to identify specific nutrients or nutritional biomarkers
of dietary intake that are associated with stunting among children ages 2 and older in subSaharan Africa.
Methods: This is a systematic review conducted in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses guidelines.
Results: Twelve studies from sub-Saharan Africa met the eligibility criteria. Eleven
observational studies and one randomized control trial were included. Nine of the 12 studies
assessed dietary intake of macronutrients. Four of those studies found a significant association
between proteins and stunting. Four studies found that children with stunting had lower dietary
fat intakes or lower blood or serum levels of certain fatty acids. Five studies assessed dietary
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intake of micronutrients or looked at serum levels of a micronutrient. Among those four studies,
children with stunting had lower intakes of, or biomarkers for, calcium, phosphorous, vitamin D,
vitamin B12, and choline.
Conclusion: Children with stunting tend to consume a diet lower in nutrients commonly found
in high-quality protein foods such as essential amino acids, essential fatty acids, and
micronutrients such as calcium, phosphorous, vitamin D, vitamin B12, and choline. Results from
this review may help guide recommendations for the inclusion of specific foods and nutrients in
school feeding programs to reduce immediate hunger and promote healthy growth and
development that supports learning for nutritionally vulnerable children.
Introduction
Stunting occurs when a child has inadequate growth and fails to achieve the expected
height of a healthy, well-nourished child. Stunting is defined as a height for age z-score (HAZ),
≤ 2 standard deviations of the World Health Organization child growth standards median. In
2012, the World Health Assembly created six global nutrition targets to be achieved by 2025, the
first of which is the reduction of stunting among children under 5 years of age by 40%. Despite
extensive efforts to achieve this goal, childhood malnutrition remains a global crisis. It is
anticipated that the World Health Assembly 2025 goals will fail to be met by an estimated 27
million children. Recent figures indicate that about 149 million children under the age of 5 are
stunted, with about 40% of them being children from Africa. Children from low- and lowermiddle-income countries (LMICs) are disproportionally affected by stunting, especially children
from sub-Saharan Africa. While rates of stunting have fallen over the past 20 years on a global
scale, stunting rates in Africa are rising (United Nations children’s Fund, World Health
Organization, World Bank Group, 2021).
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Stunting is a serious detriment to children's successful physical and psychological
development. It is a result of long-term, chronic undernutrition, and is commonly used as an
international indicator of the consequences of poor diet and repeated infections. Stunting is a
cumulative indicator of growth failure and a marker of chronic insufficient feeding practices
such as inadequate protein and energy intake. Stunting is associated with decreased motor
development, impaired cognitive performance and psychological function, and increased
mortality rates (Berkman et al., 2002; Grantham-McGregor, 2002; Walker et al., 2007). Due to
these health effects, efforts to prevent stunting commonly focus on nutrition interventions aimed
at providing young children with additional protein and micronutrients.
Protein and essential amino acids are critical for linear growth in children (Hoffer, 2016;
Semba, Trehan, et al., 2016; Uauy et al., 2015). Linear growth in children has been associated
with the presence of high-quality protein in the diet, specifically animal proteins and complete
proteins from complementary food sources (Tessema et al., 2018). Human growth is believed to
be controlled by the master growth regulation pathway, whereby the mechanistic target of
rapamycin complex C1 (mTORC1) can sense amino acid deficiency and subsequently repress
protein and lipid synthesis and cellular growth (Laplante & Sabatini, 2012). This finding is
important because children who are at high risk for growth faltering may have a limited amount
of essential amino acids, such as tryptophan and lysine, in their diets (Nuss & Tanumihardjo,
2011).
Nutritionally vulnerable groups, such as children, also need to regularly consume foods
high in micronutrients for optimal growth and development. Deficiencies in vitamin A, iron, and
zinc are common among children in LMICs, and these deficiencies may also contribute to
stunting. Children who suffer from vitamin A deficiency have increased mortality rates and an
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increased risk of blindness (Development Initiatives, 2017), and in areas where vitamin A
deficiency is found, there is typically also childhood malnutrition. Vitamin A plays a role in the
regulation of growth hormone, and decreased levels of retinoic acid may lead to a reduction in
the secretion of growth hormone from the pituitary gland (Breen, 1995; Mallo, 1992). Iron and
zinc deficiencies are also associated with poor growth among children: zinc deficiency may
contribute to stunting through altered growth hormone metabolism (Mozaffari-Khosravi et al.,
2009). Iron deficiencies exist across the globe; however, rates are particularly high among
children in sub-Saharan Africa where in certain regions more than 60% of children have anemia
(Lemoine & Tounian, 2020). Children in sub-Saharan Africa are at a greater risk for deficiencies
in nutrients such as iron and zinc because they consume primarily plant-based foods and few
animal-sourced foods such as meat (Varkey et al., 2020). Iron supplementation has been
demonstrated to improve height-for-age in iron deficient children (Ibrahim et al., 2017). Animalsourced foods provide not only a higher bioavailability of heme iron, zinc, vitamin B12, vitamin
A, calcium, and other minerals, but they also provide better-quality protein when compared to
plant-based foods (Kaimila et al., 2019). High quality protein is defined by the FAO as foods
which contain each of the essential amino acids (Food and Agriculture Organization of the
United Nations, 2013). Nutrition interventions to prevent stunting commonly focus on
supplementation or fortification of critical nutrients such as these to help reduce the burden of
stunting among children in sub-Saharan Africa.
The objective of this systematic review, however, was to identify specific nutrients or
nutritional biomarkers of dietary intake that differ between children with and without stunting.
Moreover, this review focused on studies specifically researching populations of children with a
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median age between the ages of 2-6 years as less is known about the dietary habits of children
who have already experienced consequences of undernutrition in the first 1,000 days of life.
Methods
This systematic review examined studies published within a 10-year period from January
2011 to August 2021, that had data available on nutrients or nutrient biomarkers associated with
stunting among children in sub-Saharan Africa. This review was conducted in accordance with
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines
(Page et al., 2020). Two electronic databases, PubMed and Scopus, were searched in August
2021 for peer-reviewed original research using title/abstract search terms as follows below.
Search
Keywords were: “child AND stunting AND (nutrients OR micronutrients OR
macronutrients OR nutrition OR diet OR dietary) AND (Africa OR Angola OR Benin OR
Botswana OR "Burkina Faso" OR Burundi OR "Cabo Verde" OR Cameroon OR "Central
African Republic" OR Chad OR Comoros OR Congo OR "Cote d'Ivoire" OR "Ivory Coast" OR
"Equatorial Guinea" OR Eritrea OR Eswatini OR Swaziland OR Ethiopia OR Gabon OR
Gambia OR Ghana OR Guinea OR "Guinea-Bissau" OR Kenya OR Lesotho OR Liberia OR
Madagascar OR Malawi OR Mali OR Mauritania OR Mauritius OR Mozambique OR Namibia
OR Niger OR Nigeria OR Rwanda OR "Sao Tome" OR Senegal OR Seychelles OR "Sierra
Leone" OR Somalia OR "South Africa" OR Sudan OR Swaziland OR Tanzania OR Togo OR
Uganda OR Zambia OR Zimbabwe.”
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Study Selection and eligibility criteria
Titles and abstracts of retrieved records were screened and evaluated for eligibility.
Studies were required to be in the English language, address intake of specific nutrients and/or
measure nutrient biomarkers, and include data on stunting in order to be included in the review.
Inclusion criteria for this systematic review includes studies that examine food fortification,
supplementation, biomarkers of nutrient intake, or those that observationally examine dietary
patterns. Additionally, studies needed to focus on children with a median age of 2-6 years in
order to be included. This age was selected due to the under representation of this age group in
the literature. Another factor that contributed to the focus on this age group was that the grant in
which this systematic review was conducted under focused on children aged 2-6 years, due to its
focus on interventions in preschool and elementary aged children. Studies that focused
exclusively on children under the age of 2, pregnant mothers, or fetuses in utero were excluded,
because of the focus on preschool and elementary aged children. Both observational and
intervention studies were considered for inclusion; however, review articles and country case
studies were excluded as they did not present original research. Full texts of articles were
retrieved, and three independent reviewers screened articles to confirm eligibility. The consensus
was reached by a discussion.
Data abstraction and quality assessment
A data abstraction table was created, which contained the following categories: author
and year, location, time of data collection, study design, sample size and study population,
nutrient or nutritional biomarker, association with stunting (yes/no), and a summary of key
findings. This risk of bias tool includes four questions on relevance and 10 questions on validity
in order to assess the scientific quality of the studies. The items assessed by the Quality Criteria
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Checklist include the research questions, subject selection, comparability of groups, withdrawals,
blinding, intervention/exposure, outcomes, analysis, conclusion support, and the likelihood of
bias. Each Item was classified as “yes”, “no”, or “unclear.” Giving the grade of positive (+) if
four or more items were answered “yes”, negative (-) if six or more questions were answered
“no”, or neutral (Ø) if any of the first 4 questions were answered no, but the remaining were
“yes”. Any disagreements on the quality of the articles were brought forth and discussed until a
resolution was met.
The effect measured in this systematic review was if the nutrient or nutritional biomarker
was associated with stunting. Studies needed to the WHO standards for stunting utilizing the
height for age z-score of -2 SD. The studies were categorized based on the nutrient or biomarker
being assessed, as well as if the nutrient was measured by serum level or dietary intake of the
nutrient was assessed. Some of the studies contained multiple components. These were organized
based on the main component of the study that the authors emphasized. A meta-analysis could
not be conducted due to the heterogeneity of interventions, settings, study designs, and outcome
measures. A data abstraction table was utilized to provide a tabular structure to best display
results of the individual studies. The studies were also graded using the Academy’s Grade for
Strength of Evidence in order to assess certainty which includes five levels of grading: I
(good/strong), II (fair), III (limited/weak), IV (expert opinion only), and V (not assignable). A
grade of III was required to be included in this review. Any disagreements on the certainty
assessment of the articles were brought forth and discussed until a resolution was met.
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Results
Descriptive summary of studies
The initial literature search produced a total of 3,609 results over the two databases
searched (Figure 4.1). Of these results, 3,182 were excluded due to publication dates prior to
2011, not originally published in English, or for not being peer-reviewed, original research
articles. The 282 articles remaining after the initial exclusions were checked for duplicates. After
duplicates were removed, the remaining 145 articles were then screened for eligibility. The
eligibility screening excluded 101 articles for not meeting the predetermined inclusion criteria.
Articles were excluded for the following reasons: not including the specified study population,
not including stunting as an outcome, not looking at nutrient intakes or biomarkers of nutrient
intake, or for being a review article or country case study. Full-text records of the remaining 44
articles were retrieved and assessed for eligibility by three of the authors. Of these 42 articles, 22
were excluded for not directly testing for an association between nutrition factors and stunting,
and eight were excluded due to focusing on pregnant women or children exclusively under 2
years of age. By age, all studies included children over 2 years of age; however, due to the
limited number of studies found that met other inclusion and exclusion criteria, studies were not
excluded if they contained children both under and over the age of 2 years, as long as the mean
age of the study participants was 24 months or greater. Thus 12 articles were included in the
systematic review.
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Results of the data abstraction process are presented in Table 4.1. The analysis included
studies conducted in eight different countries in sub-Saharan Africa: three in Malawi (Semba et
al., 2017; Semba, Trehan, et al., 2016; Semba, Zhang, et al., 2016), three in South Africa (Faber
From: Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated
guideline for reporting systematic reviews. BMJ 2021;372:n71. doi: 10.1136/bmj.n71

et al., 2015; Motadi et al., 2015; van Stuijvenberg et al., 2015), two in Ghana (Adjepong, Austin
For more information, visit: http://www.prisma-statement.org/

Pickens, et al., 2018; Adjepong, Yakah, et al., 2018), two in Kenya (Long et al., 2012; Tanaka et
al., 2019), one in Ethiopia (Tessema et al., 2018), and one in Tanzania (Jumbe et al., 2016). Of
the 12 studies included in this review, ten were cross-sectional studies (Adjepong, Austin
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Pickens, et al., 2018; Adjepong, Yakah, et al., 2018; Faber et al., 2015; Jumbe et al., 2016;
Motadi et al., 2015; Semba et al., 2017; Semba, Shardell, et al., 2016; Semba, Zhang, et al.,
2016; Tessema et al., 2018; van Stuijvenberg et al., 2015), one was a randomized intervention
trial (Long et al., 2012), and one was a prospective cohort study (Tanaka et al., 2019).
The studies all fall into two broad categories: those that looked at blood or serum levels
of one or more nutrients (Adjepong, Austin Pickens, et al., 2018; Adjepong, Yakah, et al., 2018;
Faber et al., 2015; Jumbe et al., 2016; Motadi et al., 2015; Semba et al., 2017; Semba, Shardell,
et al., 2016; Semba, Zhang, et al., 2016; Tessema et al., 2018), and those that looked at dietary
intake either via a dietary intervention (Long et al., 2012), a food frequency questionnaire
(Tanaka et al., 2019) or a 24-hour recall (Tessema et al., 2018; van Stuijvenberg et al., 2015). By
nutrient, four studies focused on biomarkers of macronutrient intake: three measured whole
blood fatty acid composition (Adjepong, Austin Pickens, et al., 2018; Adjepong, Yakah, et al.,
2018; Jumbe et al., 2016), and one measured serum amino acid concentrations (Semba, Shardell,
et al., 2016). Three studies focused on biomarkers of micronutrient intake: one measured serum
retinol (Faber et al., 2015), one measured blood hemoglobin, ferritin, and zinc concentrations
(Motadi et al., 2015), and one measured serum choline levels (Semba, Zhang, et al., 2016). The
five remaining studies were broader and considered both macronutrients and micronutrients.
Three of those five studies measured dietary intake using dietary recall methods (Tanaka et al.,
2019; Tessema et al., 2018; van Stuijvenberg et al., 2015), one study analyzed over 600 different
serum metabolites relating to nutritional status (Semba et al., 2017), and one study administered
a dietary intervention comparing the effects of plain porridge, milk porridge, and meat porridge
on anthropometric measurements (Long et al., 2012).
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Sample sizes of the studies ranged from 209 to 873 children. Children ranged from six
months of age to six years of age, though, in all studies, the mean age of the children was over
two years which was the focus of this study. Stunting indicators were evaluated in the studies
using height-for-age z scores, length for height, and determined based on the WHO criteria for
stunting. Overall, 10 of the 12 included studies found a significant association between stunting
and a macro- or micronutrient or biomarker associated with macro- or micronutrient intake.
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Table 4.1

Data Abstraction Table

Author and
year

Location

Time of
data
collection

Study
design

Sample size and
study population

Ghana (Upper
Manya Krobo
district)

2017

Crosssectional

n = 209 children 2-6
y, 22% were stunted

Adjepong &
Pickens et al.,
2018

Ghana
(SaveluguNanton district)

2016

Crosssectional

Faber et al. 2014

2011

Crosssectional

Jumbe et al.,
2016

South Africa
(KwaZuluNatal, Limpopo,
Northern Cape,
and Western
Cape provinces)
Tanzania
(Kilosa district)

2013 to
2014

Crosssectional

Long et al.,
2011

Kenya (Embu
district)

Not
specified

Motadi et al.,
2014

South Africa
(Vhembe
district)

Semba &
Shardell et al.,
2016

Rural Malawi

Adjepong
Yakah et
2018

&
al.,

Primary
Nutrient or
nutritional
biomarker
Studied
Whole blood
fatty acid
composition

Associated
with
stunting?

Key findings

No

n = 307 children 2-6
y, 29.3% were
stunted

Whole blood
fatty acid
composition

Yes

n = 747 children
1.5-6 y, stunting
ranged from 13.9%
(Western Cape) to
40.9% (Northern
Cape)
n = 334 children 3-6
y, 30.3% were
stunted

Serum retinol

Yes

No differences in blood fatty acid composition
between stunted and non-stunted children, except
for DGLA, which was higher for stunted children
(p=0.048). While not significant, stunted children
had lower DHA levels than non-stunted children
(4.95% of whole blood vs 5.13% (p=0.263)
EPA levels were not significantly different
between stunted and non-stunted children, but
stunted children had lower median DHA levels
(2.42% vs 2.60% of whole blood), p<0.01.
Serum retinol levels <20 µg/dL were more
common in stunted children compared to nonstunted children (15.7% vs 8.7%), p = 0.0008.

Whole blood
fatty acid
composition

Yes

Randomized
intervention
trial

n = 274 children,
11-40 mo, percent
stunted not specified

Yes

Not
specified

Crosssectional

n = 349 children 3-5
y, 18.6% were
stunted

2011

Crosssectional

n = 313 children 1259 mo, 62% were
stunted

Animal source
foods (meat
porridge and
milk porridge vs
plain porridge)
Blood
hemoglobin,
ferritin, and zinc
concentrations
Serum amino
acid
concentrations
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No

Yes

Total n-9 fatty acid levels and mead acid were
inversely correlated with HAZ (p0.007). Linoleic
acid and total n-6 fatty acid levels were positively
correlated with HAZ (p < 0.001). No association
between ALA or total n-3 fatty acid levels and
HAZ.
Baseline height was positively associated with
baseline animal milk intake. Children in the milk
porridge group had greater linear growth at end
line compared to children in the meat porridge
group (p = 0.0025).
There were no significant differences in blood
hemoglobin, iron, transferrin, ferritin, or zinc
concentrations between stunted and non-stunted
children.
Stunted children had lower serum concentrations
of all 9 essential amino acids (p<0.01).

Table 4.1 (continued)
Semba &
Trehan et al.,
2017

Rural Malawi

2011

Crosssectional

n = 400 children 1259 mo, 62% were
stunted

Various serum
metabolites

Yes

HAZ was positively associated with serum DHA
and arachidonic acid levels. Stunted children also
had lower serum carnitine concentrations.

Semba & Zhang
et al., 2016

Rural Malawi

2011

Crosssectional

Serum choline
concentration

Yes

Tanaka et al.,
2019

Kenya (Kwale
County)

2012

Prospective
cohort

n = 325 children 1259 mo, 62% were
stunted
n = 402 children 659 mo, 12.9% were
stunted

Dietary patterns
(observed from a
food frequency
questionnaire)

Yes

Tessema et al.,
2018

Ethiopia

2015

Crosssectional

Dietary intake
(24-hr recall)
and various
biomarkers of
intake

Yes

Van
Stuijvenburg, et
al., 2014

South Africa
(Northern Cape
province)

2010 to
2011

Crosssectional

n = 873 children 635 months of age,
29.7% of
households had
children with
stunting
n = 150 children 2459 mo, 36.9% were
stunted

Stunted children had significantly lower serum
choline concentrations than non-stunted children
(5.6 vs 7.3 µmol/L), p<0.0001.
Traditional dietary pattern (high in maize, low in
dietary diversity and animal-source foods) was
associated with a 2.78 times greater odds of
stunting compared to the protein-rich dietary
pattern.
Stunted children had lower energy and tryptophan
intakes, lower serum IGF-1 levels, and lower
serum tryptophan levels (p<0.05).

Dietary intake
(24-hr recall)

Yes

Stunted children had lower intakes of fat,
calcium, phosphorous, vitamin D, riboflavin, and
vitamin B12 compared to non-stunted children
(p<0.05). HAZ was higher in children who drank
milk (p=0.003). No significant difference in
intake of energy, protein, carbohydrate, iron,
zinc, magnesium, copper, vitamin A, vitamin E,
vitamin C, thiamin, niacin, vitamin B6, and
folate.
Y, year; mo, months; DGLA, dihomo-gamma-linolenic acid; DHA, docosahexaenoic acid; EPA, Eicosapentaenoic Acid; ALA, alpha-linolenic-acid; HAZ, height for age zscore; hr, hour; IGF-1, insulin-like growth factor-1
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Blood or serum biomarkers of nutrient intake associated with stunting
Protein
Two studies assessed serum amino acid levels and found a significant difference in
concentrations between children with and without stunting. Stunted children 12-59 months (1-5
years) of age from rural Malawi had lower serum concentrations of each of the essential amino
acids (tryptophan, isoleucine, leucine, valine, methionine, threonine, histidine, phenylalanine,
and lysine), as well as the conditionally essential amino acids (arginine, glycine, glutamate, and
serine) (Semba, Shardell, et al., 2016). Stunted children 6-35 months (0.5 – 3 years) of age from
rural Ethiopia had lower serum tryptophan levels (39 µmol/L) compared to non-stunted children
(42 µmol/L); however, there was no difference in lysine intake between stunted and non-stunted
children (Tessema et al., 2018).
Fat
Three studies looked at whole blood fatty acid levels among children with and without
stunting (Adjepong, Austin Pickens, et al., 2018; Adjepong, Yakah, et al., 2018; Jumbe et al.,
2016). Of them, two found that low blood fatty acid levels were significantly associated with
stunting. A lower height-for-age z-score was associated with having lower DHA and total
omega-3 levels (Adjepong, Austin Pickens, et al., 2018), lower linoleic acid levels and total
omega-6 fatty acid levels (Jumbe et al., 2016), and higher omega-9 fatty acid levels (Adjepong,
Austin Pickens, et al., 2018; Adjepong, Yakah, et al., 2018; Jumbe et al., 2016). On the other
hand, in a study similar in population, region, and nutrients (Adjepong, Austin Pickens, et al.,
2018)to the first two that was conducted among children of a similar age in southern Ghana, total
omega-3 and omega-6 blood fatty acid levels did not significantly differ between children with
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and without stunting. This study, however, may have been slightly underpowered compared to
the first two due to it having a smaller sample size.
Micronutrients
Three of the 12 studies included in the systematic review assessed serum levels of
micronutrients among children with and without stunting (Faber et al., 2015; Motadi et al., 2015;
Semba, Shardell, et al., 2016). Micronutrients examined across the three studies included
vitamins A, B12, and D, riboflavin, choline, and the minerals calcium, phosphorous, zinc, and
iron. Vitamin A deficiency (defined as serum retinol <20 µg/dL) was more common among
children with stunting—vitamin A deficiency was observed in 15.7% of children ages 1.5 to 6
years with stunting in South Africa compared to 8.7% of children without stunting (Faber et al.,
2015). In another study in South Africa, blood hemoglobin, iron, transferrin, ferritin, and zinc
levels were not significantly different between preschool children ages 3 to 5 years with and
without stunting (Motadi et al., 2015). Finally, only one study looked at choline and stunting, and
this study found that lower serum choline levels were strongly associated with stunting among
children 12-59 months (1-5 years) of age (Semba, Zhang, et al., 2016). Children with stunting
had a mean serum choline concentration of 5.6 µmol/L compared to children without stunting,
who had a mean serum choline concentration of 7.3 µmol/L.
Dietary intake of nutrients associated with stunting
Protein
Four studies looked at protein intake among children with and without stunting. Two of
the four found significant associations between protein intake and stunting. A study investigating
the association between stunting and high-quality protein intake found that stunted children 6-35
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months (0.5-3 years) of age from rural Ethiopia had lower total protein and tryptophan intakes.
However, there was no difference in lysine intake between stunted and non-stunted children, and
all children with protein deficiency were also energy deficient (Tessema et al., 2018). Tanaka et
al. looked more broadly at dietary patterns among children 6-59 months (0.5-5 years) of age in
Kenya. They found that children who had a traditional dietary pattern low in protein and high in
maize, with low dietary diversity, were more likely to become stunted during the three-month
follow up period than children who had a dietary pattern higher in protein with greater dietary
diversity (Tanaka et al., 2019). The children who had a traditional dietary pattern had a mean
daily protein intake of 28.7 g, and the children with a "protein-rich" dietary pattern were
consuming a mean of 43.4 g of protein per day (Tanaka et al., 2019). On the other hand, looking
at 24-hour dietary recall data from children 2 to 5 years of age in South Africa, there was no
significant difference in protein intake between children with and without stunting (van
Stuijvenberg et al., 2015).
The randomized intervention trial looked at animal-source foods and their association
with height-for-age z scores by providing children with either a plain millet porridge, porridge
with milk, or porridge with beef five times per week for five months (Long et al., 2012).
Children in the milk porridge group had significantly greater linear growth during the study
period compared to children in the meat porridge group, and baseline milk intake was also
positively associated with baseline height. While the milk porridge had less protein than the meat
porridge, the milk porridge contained significantly more calcium and phosphorous.
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Fat
Only one study reported dietary intake of fat between children with and without stunting.
This study found that among children 2 to 5 years of age in South Africa, children with stunting
consumed 6.8 less grams of fat per day compared to children without stunting (van Stuijvenberg
et al., 2015).
Micronutrients
One study reported on dietary intake of micronutrients. This cross-sectional analysis of
anthropometric and dietary intake data from 24-hour recalls found that stunted children ages 2459 months (2-5 years) in South Africa consumed less calcium, phosphorous, vitamin D,
riboflavin, and vitamin B12 compared to non-stunted children (van Stuijvenberg et al.,
2015). However, in the same study, there were no significant differences in zinc, iron, and
vitamin A intakes between children with and without stunting.
Discussion
The objective of this systematic review was to examine macro- and micronutrient intake
among children over 2 years of age with and without stunting in sub-Saharan Africa. It is well
documented that the first 1,000 days of life, beginning at conception, is a heightened period of
accelerated growth, and that undernutrition during this time may have irreversible effects (Leroy
& Frongillo, 2019). However, it is also important to understand whether or not nutrient intake
differs among older children who are already stunted in order to make sure these children receive
adequate nutrition to support growth and development going forward. The nutrients/nutrientbiomarkers examined in this review included protein, fatty acids, and key micronutrients such as
vitamin A, iron, zinc, calcium, vitamin D, choline, and vitamin B12. Overall, ten of the 12
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studies found that stunting was associated with nutrition-related biomarkers or dietary intake of
specific nutrients.
Overall, the strongest nutrient-stunting associations found were between protein and
stunting. Malawian children with stunting had lower serum levels of all nine essential amino
acids (Semba, Shardell, et al., 2016). In Kenya, children with stunting were more likely to
consume a "traditional" lower protein diet compared to children without stunting, though, mean
protein intake for both groups was higher than the recommended dietary allowance for children
their age (Ross et al., 2011; Tanaka et al., 2019). In another study, stunting was also associated
with lower serum carnitine (Semba et al., 2017). Carnitine is synthesized in the body from the
amino acids lysine and methionine, and it is also found in high-protein foods such as red meat,
poultry, fish, dairy, and eggs which are limited in the diets of many sub-Saharan African children
(Semba et al., 2017). Overall, the findings from this review indicate that children who are stunted
obtain less total protein, essential, and conditionally essential amino acids in their diet compared
to non-stunted children, suggesting that the undernutrition that caused the stunting in the first
place continues beyond the first 1,000 days of life.
Protein quality is based on the digestibility and bioavailability of amino acids after the
food has been ingested, and the highest quality protein comes from animal sources (Food and
Agriculture Organization of the United Nations, 2013). Plant sources of protein tend to be
considered lower quality because they are lower in certain amino acids such as methionine,
lysine, tryptophan, and threonine (Schönfeldt & Gibson Hall, 2012). However, through
fortification, legume protein sources could be equally as effective as animal protein sources for
the treatment of severe and moderate acute malnutrition (Varkey et al., 2020). Strategically
37

combining different plant-based foods such as lentils and rice can increase the protein quality of
a meal, but food availability may be a limiting factor in how feasible this is in certain regions of
food insecurity. High-quality protein, such as meat and fish, is important to ameliorate the high
rates of malnutrition and stunting among children in LMICs (Varkey et al., 2020).
In addition to dietary protein, there was also evidence that dietary fat intake differs
between children with and without stunting. Some variance in blood fatty acid levels was
observed between children in different geographical regions due to regional differences in
dietary patterns, but, overall, children with stunting had lower levels of ARA (a conditionally
essential omega-6 fatty acid), linoleic acid (an essential omega-6 fatty acid), total omega-6 fatty
acid levels, and lower levels of the conditionally essential omega-3 fatty acid DHA. Rich dietary
sources of these fatty acids include fish, meat, and eggs, which are also high-quality protein
sources (Food and Agriculture Organization of the United Nations, 2013). Consuming fatty acids
such as DHA may be particularly beneficial for children with or at risk of stunting because of
their association with supporting neurocognitive function. (van der Wurff et al., 2020).
Findings for micronutrient intake among children with and without stunting were mixed.
These findings were also challenging to synthesize because of the heterogeneity of those studies.
Four studies included micronutrient data, each focusing on different vitamins and minerals. For
vitamin A, one study found that children with stunting had lower serum retinol levels (Faber et
al., 2015), while another study looked at dietary intake of vitamin A and found no difference in
intake between children with and without stunting (van Stuijvenberg et al., 2015). Further, while
iron and zinc deficiencies are common among children in LMICs, this review found no evidence
that iron and zinc deficiencies are associated with stunting in children 2-5 years (Motadi et al.,
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2015; van Stuijvenberg et al., 2015). There was, however, some evidence for stunted children
having lower choline levels (Semba, Zhang, et al., 2016), as well as lower intake of nutrients
commonly found in milk such as calcium, phosphorous, riboflavin, and vitamin B12 (Long et al.,
2012; van Stuijvenberg et al., 2015). This is noteworthy because milk consumption in LMICs
has been associated with increased HAZ and reduced probability of being severely stunted, and
the poorer the diet of the children the more they benefit from milk consumption (Herber et al.,
2020).
The nutrients identified in this study as being associated with stunting are all found in
significant quantities in animal-sourced foods. Animal-sourced foods such as meat, fish, poultry,
dairy, and eggs not only provide high-quality protein, but also contain essential fatty acids,
calcium, vitamin B12, choline, and riboflavin. While these foods may be nutritionally beneficial,
animal protein can be an economic and environmental drain on LMICs (Varkey et al., 2020). In
many LMIC communities, including those in sub-Saharan Africa, diets are largely plant-based
and intakes of animal-sourced foods, particularly milk and meat, are limited. The large volume
of a plant-based diet and the limited dietary diversity found in these regions results in a lower
energy intake and lower nutrient density of the diet. For young children who are unable to
consume a large volume of food in a single meal, this can result in consuming an inadequate
quantity of nutrients in a single meal (Long et al., 2012).
Another important consideration is that childhood stunting should not be siloed in with
nutrition. Rather, stunting should be viewed as a syndrome where other factors contribute to the
health of the child (Prendergast & Humphrey, 2014). Across the studies reviewed, there were
many indications that nutrition is not the only factor associated with stunting. Other factors
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found to be associated with stunting in the studies included: age (Semba et al., 2017; Tanaka et
al., 2019; van Stuijvenberg et al., 2015), birthweight (Semba et al., 2017; van Stuijvenberg et al.,
2015), genetics (Tessema et al., 2018), parasites (hookworms), (Tanaka et al., 2019), household
smoking, (van Stuijvenberg et al., 2015), endemic disease (Semba, Zhang, et al., 2016), village
of residence (Adjepong, Austin Pickens, et al., 2018), and wealth (Tessema et al., 2018). In two
in-depth country case studies (Brar et al., 2020; Tasic et al., 2020) that were not included as part
of this review, there was further evidence that nutrition alone is not the only factor associated
with stunting. For example, in Senegal, political stability was a major contributor to the
reduction of stunting (Brar et al., 2020). In a case study of stunting in Ethiopia, it was deduced
that stunting was indeed connected to nutrition, but the primary factor that helped reduce
stunting rates was agricultural development (Tasic et al., 2020).
There are several key strengths to this systematic review. First, this study focused on an
understudied population of children with stunting who are beyond the first 1,000 days of life.
Each included study was carefully assessed for quality and relevance to the research question.
The risk of bias in each of the included studies was carefully considered when synthesizing
findings from included studies. This review helps to strengthen recommendations for the
inclusion of specific nutrients to help promote healthy growth and development. Results from
this review can also help guide policies and recommendations for school feeding programs to
work to reduce immediate hunger and promote healthy growth and development that supports
learning.
Limitations of this review include the heterogeneity of the included studies. The 12
studies examined different combinations of nutrients, and the nutrients were also measured in
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different ways such as via serum or whole blood biomarkers, and dietary diversity or 24-hour
food recalls. Limitations also include risk of publication bias, as only peer-reviewed studies were
considered for inclusion in this systematic review. Gray literature and unpublished data were not
pursued. There is also a risk of language bias, as only studies published in English were
considered for inclusion. These restrictions on inclusion could have potentially left out useful
data from consideration in the findings presented. Finally, most articles included in this review
were observational studies which limits inferences that can be made from these studies. Finally,
children from only a limited number of sub-Saharan African countries were represented in this
review.
Conclusion
In conclusion, there is evidence that children with stunting in sub-Saharan Africa tend to
consume a diet lower in nutrients commonly found in high-quality protein foods such as essential
amino acids, essential fatty acids, and micronutrients such as calcium, phosphorous, vitamin D,
vitamin B12, and choline. In order to best promote healthy growth and development throughout
childhood and adolescence, children who are stunted would benefit from increased intake of
foods such as fish, meat, dairy, poultry, and eggs. Dairy in particular was found in some studies
to be even more beneficial to promote linear growth than meat alone due to the amounts of
calcium, vitamin D, and phosphorus it contains. This should be considered in the context of the
plethora of evidence that different combinations of health-related interventions result in the
promotion of growth and development. For example, hygienic living environments, in
combination with deworming, reduction of infections, and increased dietary diversity, is
associated with decreased stunting rates. Despite that, this study serves as an important reminder
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that nutrition after the first 1,000 days of life matters, and that older children with stunting may
benefit from feeding programs that emphasize providing the nutrients they may be most at risk of
consuming sub-optimal amounts of.
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CHAPTER V
CONCLUSION
In conclusion, there is evidence in the literature that suggests that stunting is still a major
issue globally. Despite the overall global decreases in stunting sub-Saharan Africa is still a
region in which stunting is on the rise. This is in part due to the lack of adequate nutrition
commonly experienced in low-middle-income countries. These countries typically consume a
diet that is low in animal-sourced proteins such as meat, fish, poultry, dairy, and eggs. SubSahara Africa included among this list. A diet lower in these animal-sourced proteins is lower in
nutrients commonly found in high-quality protein foods such as essential amino acids, essential
fatty acids, and micronutrients such as calcium, phosphorous, vitamin D, vitamin B12, and
choline. In order for a child to grow and develop in a healthy way to their full potential a diet that
is high in these essential nutrients benefits the child. It is important to remember that nutrition is
one part of the overall health and wellness of the child. Nutrition combined with healthy and
hygienic living conditions, dietary diversity, decreased risk of infection, and nutrition education
can all contribute to the overall growth and development of the child and reduce the risk of
stunting. Children of all ages should be included in nutrition interventions and that children still
need quality nutrition even past the first 1000 days to obtain the nutrients they need even if they
are already stunted. This review helps to strengthen recommendations for the inclusion of
specific nutrients to help promote healthy growth and development for children ages 2-6 years in
low and lower middle-income countries. Results from this review can also help guide policies
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and recommendations for school feeding programs who include at risk children in their
populations to incorporate policies focusing on proper nutrition in order reduce immediate
hunger and promote healthy growth and development.
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